OBJECTIVE: To investigate the degree of coronary artery disease (CAD) in relation to obesity and fat distribution in obese patients with normal glucose tolerance, in comparison with CAD of diabetic obese patients and of normal weight subjects with CAD. DESIGN: Patients listed for coronary angiography with different body mass index (BMI) with or without diabetes: study of the correlation between severity of coronary damage and fat distribution. SUBJECTS: 92 patients subdivided into: 30 normal glucose tolerant obese (BMI 31.7 AE 0.5, aged 53 AE 1.7 y), 28 type 2 diabetic obese (BMI 30.7 AE 0.3, aged 57 AE 1.2 y), and 34 normal weight patients (BMI 23.1 AE 0.3, aged 54 AE 1.7 y). MEASUREMENTS: CAD assessed by angiography and evaluated according to the method of Gensini. Fat mass and fat distribution assessed by bioelectrical impedance and anthropometry. Clinical, biochemical and hormonal variables, as well as smoking habits and alcohol intake. RESULTS: The angiographic coronary scores were similar in nondiabetic obese and in diabetic obese patients, and were signi®cantly higher than those of normal weight subjects. In the entire population coronary score correlated with indices of abdominal fat distribution. In the stepwise analysis of each group separately, waist hip ratio (WHR) correlated with coronary score only in normal weight nondiabetic patients. CAD was inversely associated with BMI only in nondiabetic obese patients. CONCLUSION: CAD of obese patients: 1) is similar to that of diabetic obese patients; 2) is more severe than that of normal weight individuals; and 3) is inversely correlated with BMI. CAD appears to be associated with WHR, not with BMI, only in nondiabetic patients with normal body weight. On the contrary, CAD of diabetic obese patients is unrelated to BMI and parameters of fat distribution, but is associated with smoking habits.
Introduction
Several epidemiological studies indicate an increased risk of cardiovascular disease (CVD), mainly as coronary artery disease (CAD), associated with obesity and with body fat distribution. 1, 2 In fact, excess of intra-abdominal fat appeared to be correlated with CVD, glucose intolerance or diabetes, lipid abnormalities and hyperinsulinaemia. 3, 4 In recent years, the correlation of CAD with body fat was also studied directly using coronary angiography. 5 ± 15 In the majority of these studies CAD was found to be signi®cantly correlated with abdominal fat distribution, which was evaluated by waist-to-hip ratio (WHR) or waist-to-thigh ratio (WTR), dual energy X-ray absorptiometry (DEXA) 12 and by computer tomography (CT) scanning at L4 level. 10 To a variable extent this correlation was also found with age, sex, serum cholesterol, triglyceride, LDL-cholesterol, or systolic blood pressure, exceptionally with body mass index (BMI). 8 Some of these studies, however, refer their results to a general population and most of them match two groups of patients: those with vs those without CAD, that is, cases with more or less severe stenosis were compared with individuals who were free of CAD. Moreover, in some of these studies diabetes mellitus, a well known risk factor for CAD, was occasionally present in part of the population, without speci®cally considering its relationship with body fat or fat distribution.
The purpose of this study was to examine CAD by angiography in obese patients selected as having normal glucose tolerance and in obese type 2 (noninsulin-dependent) diabetic subjects (NIDDM) with a comparable degree of obesity and matched for age. A group of normal weight, non-diabetic patients with normal glucose tolerance served as controls. Attention has been paid to obtain homogeneous groups of patients. The correlation between the degree of CAD and body fat and central distribution of adipose tissue was also studied.
Patients and methods
Among the patients admitted to the hospital for diagnostic coronary arteriography, 92 (78 men, 14 women, mean age 54.6 y, range 34 ± 75) were selected according to BMI and were subdivided into three groups: Group A) 30 patients with obesity (BMI 29.1 ± 37.3 kgam 2 ) and normal glucose tolerance; Group B) 28 type 2 diabetic patients with obesity (BMI 29 ± 36.7), and Group C) 34 normal weight patients (BMI 18.8 ± 24.9) with normal glucose tolerance. Table 1 describes the clinical characteristics of the patients studied. Table 2 lists the diagnosis for coronary angiography. Patients with recent acute myocardial infarction, malignant disease, prior major abdominal surgery, and more than 3% change in body weight in the preceding three months were excluded. Patients with hypertension according to history and antihypertensive therapy (14a30 in group A, 16a28 in group B, and 9a34 in group C) were normotensive (blood pressure`140a90) at the time of the study due to hypotensive drugs (see Table 1 ).
All the patients gave their informed consent and the study was approved by the local Ethics Committee.
Clinical data
Blood pressure was measured in the sitting position on the right arm after a 15 min rest. A large cuff was used in obese subjects. The entity of central fat distribution was evaluated by WHR (waist circumference being measured midway between the lower rib margin and the iliac crest in the midaxillary line, 16 and hip circumference at the level of the greater trochanter), WTR (thigh circumference measured just below the gluteal fold), and waist alone. Circumferences were taken with a standard¯exible tape while subjects were standing. Fat mass (FM) was determined by bioelectrical impedance (BIA 101-S Akern, Florence, Italy). Anthropometric and body composition measurements were taken by one investigator (MF). Smoking habits were assessed by recording the number of cigarettes smoked in lifetime, that is, daily cigarettes multiplied by years of smoking. The usual alcohol intake was measured as gad by a detailed questionnaire.
Angiographic study
Angiographic coronary ®ndings were examined by the same cardiologist who was not informed about the clinical characteristics of the patients and who did not perform the arteriographs. The angiographic coronary score was assessed according to Gensini's 
(%).
Obesity, fat distribution and coronary artery disease L Morricone et al method, 17 by which the degree of each vessel stenosis is multiplied by a speci®c factor depending on the topographical and functional importance of the coronary vessel affected by atheroma.
Biochemical data
After an overnight fast the patients underwent the following examinations: an oral standard glucose tolerance test (OGTT) (excluding diabetic patients), fasting plasma insulin, C-peptide, total cholesterol, HDL-cholesterol, LDL-cholesterol, VLDL-cholesterol, triglycerides, apolipoprotein A, apolipoprotein B, ®brinogen, uric acid. The OGTT was evaluated according to the National Diabetes Data Group, 18 venous plasma glucose was measured with the glucose-oxidase method (Instrumentation Laboratory, Milan, Italy), plasma insulin was assessed by IRMA (Biochem Immunosystems, intra-assay CV 2.2, interassay CV 4.7%), C-peptide with commercial RIA kit, total cholesterol and HDL-cholesterol were measured by bichromatic analysis (Instrumentation Laboratory, Milan, Italy) according to a modi®ed version of Allain's method, LDL-cholesterol and VLDL-cholesterol were calculated by the Friedewal equations, triglycerides by bichromatic analysis.
Statistical analysis
Analysis of covariance was carried out to control for confounding variables. All the analyses were performed after proper log-transformation of angiographic coronary score. All values are expressed as means AE s.e.m. (geometric means s.e.m. for logtransformed variables). Groups were compared through the analysis of variance: multiple comparisons were tested according to the Bonferroni's correction. Student's t-test was used when appropriate. Univariate associations between angiographic coronary score and the considered variables were evaluated through the Pearson's correlation analyses. Stepwise regression analyses were carried out in order to evaluate the independent role of putative risk factors (independent variables) on angiographic coronary score (dependent variable). Variables that correlated with coronary score with a P-value`0.1 have been tested with the stepwise regression analysis in a multivariate model. Differences were considered as signi®cant when P`0.05. All statistical analyses were carried out through the STATISTIX 4.1 statistical package (Analytical Software, Tallahassee, FL, USA).
Results
The groups A and B (Table 1) had comparable BMI, waist circumference, WHR, WTR, percent FM and duration of obesity. Normal weight controls had lower BMI, waist circumference, WHR, WTR and percent FM. Age and smoking habits were similar in all groups of patients, while normal weight patients showed slightly higher alcohol intake compared to group B. Systolic blood pressure of group B was slightly higher, although within the normal range.
Cardiac diseases that needed coronary angiography were equally distributed among the three groups of patients (Table 2) . Table 3 shows value of blood biochemical characteristics for each group of patients. Total cholesterol, apolipoprotein B, ®brinogen levels were similar in all groups of patients. While fasting glycaemia was higher only in diabetic subjects, fasting plasma insulin and C-peptide were identical in obese and in NIDDM-obese patients, but higher than those of lean subjects, as expected. These latter patients had, in addition, higher HDL-cholesterol and apolipoprotein A, and lower triglycerides and uric acid. Table 4 shows the coronary score in the three groups without separating data of men and women, due to the low number of women. Since the coronary score was not normally distributed, statistical analyses were performed after log-transformation of the data; the results were then expressed as geometric mean. It is apparent that nondiabetic obese and NIDDM-obese patients had similar mean coronary score (48.6 4.4 and 57.1 3.8, respectively, NS), while that of lean A and B, respectively) . Independently of the groups, the mean coronary score of males (n 78) was higher than that of females (n 14): 44.7 1.1 vs 13.2 1.6, P`0.03.
Coronary score values were equally distributed among smokers and non-smokers, as well as among drinkers and non-drinkers. Similarly, the comparison of coronary score between patients with and without history of hypertension for each group showed no signi®cant differences (data not shown). Table 5 shows the Pearson correlation coef®cients between coronary scores of patients taken as a whole and selected variables. Among these, only WHR, waist circumference and uric acid appeared to be signi®-cantly correlated with the coronary score. All other correlations failed to achieve statistical signi®cance at the 5% level.
When the Pearson correlation between coronary scores and selected variables was performed in each group of patients separately, only normal weight subjects (group C) showed a signi®cant association with WHR (r 0.35, P`0.03), while in the two groups of obese patients no correlation with WHR was found (Figure 1 ). In NIDDM-obese patients coronary score was associated only with smoking (r 0.38, P`0.04), while exclusively in nondiabetic obese patients (group A) coronary score was found to be inversely correlated with BMI and FM (r 7 0.50 (P`0.004) and r 7 0.36 (P`0.004), respectively). In the stepwise regression analysis of the study population as a whole WHR remains as an independent risk factor for CAD (P`0.0003) in addition to male sex (P`0.002). BMI, waist circumference, body weight, diabetes and uric acid were not selected by the model correlation.
In the stepwise regression analysis performed in each group of patients separately (Table 6) , coronary score was signi®cantly associated with WHR (P`0.03) only in normal weight patients (group C). Moreover, BMI maintained its inverse correlation (P`0.003), in addition to positive association with male sex (P`0.03) in nondiabetic obese patients (group A). Finally, only smoking was con®rmed as a signi®cant independent risk factor for CAD (P`0.04) in diabetic obese patients (group B).
Among all other variables considered in the study, total cholesterol, HDL-cholesterol, LDL-cholesterol and triglycerides have not been included in the statis- Obesity, fat distribution and coronary artery disease L Morricone et al tical analysis because the dyslipidaemic patients (40.2%) were on hypolipidaemic treatment when they were studied.
Discussion
This is a further investigation which adds to the studies in which the angiographic method was used to evaluate the coronary damage in relation to body fat and visceral fat accumulation. 5 ± 15 In most of these studies however, patients belonged to a general population without selecting homogeneous groups, and those studies simply compared patients with or without coronary stenosis. In addition, in some studies, diabetes mellitus, an important risk factor for CAD, 19, 20 was occasionally present but was not speci®cally taken into consideration. 5, 6, 9 For these reasons the present investigation was designed to examine more carefully homogeneous groups of patients. Nondiabetic obese patients without glucose intolerance were matched with NIDDM-obese patients, their BMI, age and duration of obesity being identical. These two groups were then compared with a group of nonobese, nondiabetic age-matched subjects requiring coronary angiography.
Our results demonstrate that nondiabetic obese patients have coronary damage similar to that of diabetic obese patients with comparable BMI and age. Moreover, the degree of CAD of the obese is signi®cantly greater than that of coronaropathic normal weight patients. It is important to note that in the whole study population CAD was particularly associated with anthropometric parameters of intraabdominal fat deposition, that is, WHR and waist circumference. It is well known that the distribution of body fat is more predictive of cardiovascular and metabolic complications of obesity than the amount of body adipose tissue. 2 ± 4 When selected variables were studied in each group of patients separately by stepwise regression analysis, WHR failed to correlate with the coronary score in both groups of obese patients (A and B), while it still maintained its statistical power as a risk factor for CAD in nondiabetic normal weight subjects (group C). Evidently, the association between coronary score and WHR observed in the whole population was dependent on the presence of patients belonging to the group with normal body weight.
That the correlation between coronary damage and anthropometric parameters of fat distribution was restricted to normal weight nondiabetic patients, not to the two groups of obese subjects, is an intriguing result, which is rather dif®cult to explain. However, we can hypothesise that, in the presence of obesity, with or without type 2 diabetes, other risk factors for CAD coexist which are capable, when a number of variables are studied in stepwise regression analysis, of masking what is dependent on adipose tissue distribution. In other words, the relationship between abdominal adipose tissue and CAD in the diabetes andaor obesity status groups may disappear, while this is more or exclusively apparent in normal weight individuals. In this latter condition, abdominal fat, when in excess, may more clearly demonstrate its power as a risk factor for CAD. This hypothesis is supported by our ®ndings on CAD of obese and nonobese subjects whose intra-abdominal fat is evaluated by CT (unpublished data). In this study, a strict relationship between angiographically determined CAD and fat is apparent only in nondiabetic subjects with intra-abdominal fat deposition b 130 cm 2 at L4-L5 scan level. On the other hand, in none of the previous studies carried out on the relationship between CAD and body weight and fat distribution, did the presence of diabetes status appear to be of statistical importance, except when diabetes was considered only in relation to its higher prevalence in the groups of CAD-positive patients. 6 ± 9 Our ®ndings on the lack of correlation between coronary score and hypertension is in accordance with those obtained in the angiographic study of Sullivan et al 5 in which many risk factors are considered, including hypertension and obesity. Only the study of Reed and Yano showed a correlation between blood pressure and CAD, probably due to the greater number of patients examined with angiography, belonging to the large Honolulu Heart Program. 8 In our study, basal fasting insulinaemia, a known risk factor for CVD, 21, 22 did not correlate with the coronary score even if higher in obese subjects. This ®nding is in keeping with some coronary angiographic studies in which fasting insulin was measured. 11, 12 The comparable degree of coronary damage we found in smokers and non-smokers, as well as in drinkers and non-drinkers, independently of the amount of # Selected as being signi®cantly correlated with coronary score in the group-related Pearson analysis. NI not included in the model because their P-value was b 0.1 in the group-related Pearson analysis. *P`0.04 **P`0.03 ***P`0.003.
Obesity, fat distribution and coronary artery disease L Morricone et al cigarettes or alcohol consumed, is in accordance with other studies in which an equal distribution of smokers was found in patients with or without CAD. 6, 8 However, our data do not exclude the well recognised importance of cigarette smoking in favouring coronary atherosclerotic processes, as shown by Hartz et al in their angiographic study, 7 and by our demonstration that smoking is the sole independent variable signi®-cantly associated with coronary score in the group of diabetic obese patients.
We found that BMI and percent FM did not show a positive association with coronary score. On the contrary, BMI showed, only in nondiabetic obese patients, an inverse correlation with the degree of CAD. With regard to this, the role of BMI per se as a risk factor for CVD and mortality is still a matter of debate. 23 One cannot exclude an unusual or a paradoxical effect of obesity on CVD or CAD, especially when adipose tissue is mainly distributed at the subcutaneous level. On the other hand, several studies did not demonstrate any association between angiographically determined coronary damage and BMI, in both men and women 5 ± 7, 9 ± 15 or showed a lowest risk of CAD in men with high BMI but low WHR. 3 However, the lack of a positive association we found between coronary score and BMI may be due to the relatively low number of patients and by the fact that they were selected according to speci®c criteria.
With regard to the greater severity of coronary damage of obese patients observed in our study, this might depend on other factors which are different from those linked to adipose tissue amount, for example, hyperinsulinaemia, usually absent in normal weight nondiabetic patients. On the contrary, adipose tissue may play a role as a proven risk factor for CAD in normal weight subject, when fat deposition is mainly or exclusively placed in the intraabdominal region.
Conclusion
Taken together these ®ndings indicate that in nondiabetic obese subjects the degree of CAD, assessed by angiography, may be similar to that observed in obese type 2 diabetic patients. In addition, it is signi®cantly greater than that of nondiabetic normal weight coronaropathic patients. Finally, in our study population coronary damage appears not to be related to BMI, while the relevance of WHR as risk factor for CAD is evident only in subjects with normal body weight.
